Introduction {#section1-1179546819839411}
============

Hypertension affects more than 40% of adults worldwide^[@bibr1-1179546819839411]^ and is strongly associated with coronary artery disease, stroke, and heart failure.^[@bibr2-1179546819839411]^ The prevalence of hypertension in older adults is high (ie, \~70%-80%),^[@bibr3-1179546819839411]^ and increasing hypertension diagnoses in children and adolescents have been observed in recent years.^[@bibr4-1179546819839411]^ Currently, the prevalence of high blood pressure (BP) is higher than 10% in American school-aged children,^[@bibr4-1179546819839411]^ which is concerning given that hypertension can damage brain structures and functions, leading to impaired cognitive functions.^[@bibr5-1179546819839411],[@bibr6-1179546819839411]^ Moreover, hypertension can elicit endothelial dysfunction, decreasing cerebral perfusion, and degenerating white matter.^[@bibr6-1179546819839411]^ Taken together, this scenario is associated with an increased chance of individuals with hypertension developing vascular dementia, especially those who have been exposed to this condition for years.^[@bibr7-1179546819839411]^ Furthermore, it has been observed that cerebrovascular damage (eg, microvascular rarefaction, ischemia, and impaired neurovascular coupling)^[@bibr6-1179546819839411]^ and cerebral atrophy of the frontal lobe and hippocampus play a critical role in decreasing cognitive functions.^[@bibr8-1179546819839411]^ Studies in animal models have shown that hypertension can decrease brain-derived neurotrophic factor (BDNF) levels and neurogenesis in the hippocampus, which can lead to impairment in memory acquisition.^[@bibr9-1179546819839411]^ In humans, hypertension elicits alterations in the prefrontal cortex (PFC) volume and function, as well as its underlying areas,^[@bibr10-1179546819839411],[@bibr11-1179546819839411]^ with consequent impairment of executive functions such as inhibitory control, attention, working memory, and judgment ability.^[@bibr10-1179546819839411],[@bibr12-1179546819839411]^ Furthermore, brain damage caused by hypertension affects a person's mental ability to work and decreases their productivity, leading to social and economic problems.^[@bibr10-1179546819839411]^

Pharmacologic therapy for hypertension management has undoubtedly advanced in recent decades.^[@bibr13-1179546819839411]^ However, patients with hypertension taking antihypertensive medications are exposed to side effects such as exacerbated electrolyte dysfunction, renal damage, exacerbated hypotensive effects, cerebral hypoperfusion, and syncope.^[@bibr13-1179546819839411],[@bibr14-1179546819839411]^ Therefore, given that hypertension is a chronic disease that needs long-term treatment, therapeutic approaches with reduced side effects are needed for this population. Physical exercise (PE) has been recommended by several professional committees and organizations such as the American College of Sports Medicine, American Heart Association, Canadian Hypertension Education Program, and the European Society of Hypertension/European Society of Cardiology, as a cornerstone of non-pharmacologic therapy for hypertension.^[@bibr15-1179546819839411]^ Specifically, the antihypertensive effects of PE such as reduced resting^[@bibr16-1179546819839411]^ and ambulatory^[@bibr17-1179546819839411]^ BP, as well as improvements in cardiorespiratory fitness,^[@bibr18-1179546819839411]^ have been accepted as effective practices for cardiovascular health. However, the effects of PE on the cerebrovascular system and cognitive functions in individuals with hypertension are unclear. Almost all hypertension clinical practice guidelines provide recommendations regarding PE. They describe the benefits of PE in reducing BP levels and cardiovascular risk factors, as well as in increasing fitness level, improving body composition and quality of life, and decreasing mortality risk.^[@bibr3-1179546819839411],[@bibr19-1179546819839411],[@bibr20-1179546819839411]^ However, there is little information about the effects of PE on the cerebrovascular system and cognitive functions in individuals with hypertension. This is a concerning issue given that hypertension is strongly associated with brain and cognitive dysfunctions.

Here we present the current evidence about the associations between BP and brain damage, as well as the benefits of PE on the cerebrovascular system and cognitive functions. Also, we argue that PE recommendations for individuals with hypertension should not only focus on the benefits on the cardiovascular system, but also on the cerebrovascular and cognitive functions.

Mechanisms Underlying Brain Differences Between Normotensive and Hypertensive Individuals {#section2-1179546819839411}
=========================================================================================

Individuals with hypertension are more susceptible to presenting brain structural and functional alterations and worse cognition than individuals without hypertension.^[@bibr6-1179546819839411]^ In 1995, a prospective observational study involving 3735 older adults showed an association between higher systolic BP levels in midlife and lower cognitive function in later life.^[@bibr21-1179546819839411]^ However, there are some inconsistencies in the literature pertaining to very old people. Some studies demonstrated an inverse relation between levels of BP and cognitive decline,^[@bibr22-1179546819839411],[@bibr23-1179546819839411]^ whereas others showed a direct association.^[@bibr24-1179546819839411]^ Recently, a review demonstrated physiological and neuroimaging damage to the brain caused by hypertension during the lifespan and reinforced the association between higher BP and lower cognitive function.^[@bibr12-1179546819839411]^ Regarding damage caused by hypertension to the brain, we may highlight greater amyloid-β (Aβ) levels, cerebral small vessel disease, microbleeding, and lacunar infarction.^[@bibr12-1179546819839411]^ In addition, higher systolic BP has been associated with smaller brain volume,^[@bibr25-1179546819839411],[@bibr26-1179546819839411]^ increased white matter hyperintensities (WMHs),^[@bibr27-1179546819839411]^ PFC damage, and hippocampal dysfunctions.^[@bibr8-1179546819839411]^ This aggressive scenario and vascular cognitive impairment might progress to vascular dementia, a situation where an individual has cerebral function severely impaired, compromising daily activities.^[@bibr5-1179546819839411]^ In sum, a hypertensive individual's brain is characterized by lower volume with microinfarction in areas linked to cognitive function.

To elucidate the genesis of this issue and its consequences, it is important to understand the vascular impairment commonly found in hypertension and its implications for the brain. The renin-angiotensin system and sympathetic activation are described in individuals with high BP levels and this is linked to increased collagen production on the surrounding vessels.^[@bibr28-1179546819839411]^ Collagen is a strong determining factor for passive diameter of arterial vessels and is cross-linked with itself, tightening the vessel wall, leading to inward remodeling and reducing luminal diameter.^[@bibr29-1179546819839411],[@bibr30-1179546819839411]^ These structural changes are known as vessel remodeling, which refers to the adaptation to support higher pressure levels. This process has been observed in hypertensive individuals to reduce the mechanical stress on the arterial wall and protect microvessels from pulsatile stress.^[@bibr31-1179546819839411]^ Vessel remodeling over the years can be harmful, as it leads to increased vascular resistance and vessel wall stiffening.^[@bibr32-1179546819839411]^ As a long-term consequence of hypertension, collagen accumulation and elastin fragmentation elicit higher arterial stiffness, which is strongly associated with brain damage, stroke, and cognitive decline in individuals with hypertension.^[@bibr32-1179546819839411]^

Due to increased arterial stiffness, there is an increase in arterial pulse wave velocity and pulsatile pressure, which may cause rarefaction of downstream capillaries, reduced cerebral blood flow (CBF), and decreased cerebrovascular reactivity.^[@bibr6-1179546819839411]^ In addition to these deleterious changes, the arteriosclerosis process (loss of smooth muscle cells, deposits of fibro-hyaline material, reduced vessel lumen, and thickening of the vessel wall)^[@bibr6-1179546819839411]^ contributes to reduce cerebral perfusion. Moreover, the presence of atherosclerotic lesions impairs the linear CBF and is a focus for thrombus building and embolization, which could lead to multiple ischemic lesions.^[@bibr32-1179546819839411]^ These alterations might alter the blood vessel ability to use vasoactive substances and, together with the above-mentioned microvascular structural alterations, might compromise CBF and brain perfusion.^[@bibr6-1179546819839411]^

Furthermore, evidence suggests that long-term high BP might disrupt the blood-brain barrier (BBB) by both angiotensin II action^[@bibr28-1179546819839411]^ and hypoxia which damage cells and induce protein plasma extravasation and vascular and perivascular inflammation.^[@bibr6-1179546819839411]^ A recent review^[@bibr33-1179546819839411]^ suggests that the low-grade chronic inflammation found in hypertension pathology stimulates interactions between proinflammatory mediators and the BBB on the luminal side, modulating its permeability. Moreover, this modulation is associated to inflammation on the central nervous system, activating glial components, and thereby altering autonomic signaling and increasing sympathetic outflow.^[@bibr34-1179546819839411]^ In addition, hypertension activates proteases, resulting in plasma extravasation, perivascular inflammation, and microbleeding.^[@bibr6-1179546819839411]^ The endothelial damage also leads to higher vascular stress and decreased production of nitric oxide (NO).^[@bibr35-1179546819839411]^ It should be noted that NO participates in BDNF production, linking endothelial function and cognition.^[@bibr33-1179546819839411]^ BDNF has been related to improved synaptic plasticity, neurogenesis, and cognition.^[@bibr36-1179546819839411]^ A study involving spontaneously hypertensive rats showed decreased endothelial nitric oxide synthase (eNOS), NO production by cerebral microvessels, and BDNF levels.^[@bibr33-1179546819839411]^ All of these factors lead to microvascular rarefaction, lower collateral circulation within the brain, and less BDNF quantity. Considered together, these structural and molecular changes (see [Figure 1](#fig1-1179546819839411){ref-type="fig"}) seem to impair anatomical and functional structures and disrupt the cortical and subcortical connections, implying a wide range of cognitive dysfunctions such as impaired memory, inhibitory control, decision-making, and processing speed. These negative changes lead to a reduced ability to perform daily functions, decreased self-care levels and quality of life, and also increased risk of morbidity and mortality.^[@bibr37-1179546819839411]^

![The cerebral changes promoted by hypertension and exercise. Left (in red): it is shown that the brain of a hypertensive individual has increased microvascular rarefaction, decreased cerebral blood flow, and increased ischemic regions, illustrated by the gray points on the left side of the brain. In addition, hypertension causes vessel remodeling and microinfarctions, disrupts the brain-blood barrier integrity, and decreases nitric oxide availability. Right (in blue): the benefits that exercise induces are shown. It increases the levels of vascular endothelial growth factor (VEGF) which leads to angiogenesis, enhances brain-derived natriuretic factor (BDNF), a molecule related to neuronal survival and synapse formation, and promotes neurogenesis. In addition, physical exercise increases cerebral blood flow and improves blood-brain barrier integrity.\
BBB, blood-brain barrier; BP, blood pressure; CBF, cerebral blood flow; NO, nitric oxide.](10.1177_1179546819839411-fig1){#fig1-1179546819839411}

Hypertension and Cognitive Function {#section3-1179546819839411}
===================================

Excluding age, hypertension is the most important risk factor for cerebrovascular dysfunctions, triggering cognitive impairment and possibly dementia.^[@bibr6-1179546819839411]^ These functional and structural alterations are the basis of hypertension-related cognitive decline.^[@bibr6-1179546819839411],[@bibr38-1179546819839411]^ Brain susceptibility to multiple ischemic injuries, especially in vulnerable white matter areas, is critical for establishing vascular dementia.^[@bibr6-1179546819839411]^ As a consequence, hypertension has been linked to worse cognitive performance.^[@bibr38-1179546819839411]^

In a study with 14 337 adults aged between 45 and 64 years, The Atherosclerosis Risk in Communities (ARIC) showed that the hypertensive subjects had lower scores on processing speed and word fluency tests.^[@bibr39-1179546819839411]^ Corroborating these data, the third National Health and Nutrition Examination Survey (NHANHES III) analyzed 6377 middle-aged individuals with high BP and found that these subjects had poorer overall cognition as measured by the Mini-Mental State Exam.^[@bibr40-1179546819839411]^ Furthermore, a longitudinal study investigated the cognitive functioning of individuals aged \~25 years over a period of 25 years and found that high levels of BP were associated with worse performance on a wide range of cognitive tasks in midlife, including verbal memory, processing speed, and executive function.^[@bibr41-1179546819839411]^ It has also been observed that higher systolic blood pressure (SBP) and diastolic blood pressure (DBP) in subjects' midlife periods were associated with worse performance on overall cognition, attention, and memory scores over a period of \~20 years.^[@bibr42-1179546819839411]^ Overall, there is consistent evidence that higher BP in midlife is associated with impaired cognitive functions in midlife and later life,^[@bibr6-1179546819839411]^ as well as executive function, whereas processing speed seems to be the most affected cognitive domain, although memory can also be affected.^[@bibr6-1179546819839411]^

It is true that elevated BP is linked to vascular dementia, but it can also be responsible for the development of Alzheimer disease.^[@bibr6-1179546819839411]^ Cerebral atherosclerosis and arterial stenosis processes lead to hypoperfusion. Lower CBF reduces Aβ clearance, whereas increases in Aβ production^[@bibr43-1179546819839411]^ and Aβ accumulation represent a molecular basis to developing Alzheimer disease. Therefore, it is imperative to make patients with hypertension aware of these problems and how they can manage them, thereby increasing their quality of life.

To date, there is no specific recommendation regarding the exercise prescription considering the FITT (Frequency, Intensity, Type, and Time) principle to maximize cognitive functions. Despite this, the recent Physical Activity Guidelines for Americans^[@bibr44-1179546819839411]^ supports, in an evidence-based manner, the benefits of exercise on cognitive functions in children, adolescents, adults, and older adults. Therefore, the types and amount of exercise recommended by this recent guideline should be strongly encouraged for all individuals to maintain or improve cognition. It should also be noted that the exercise recommendations vary for the different age groups. For example, children and adolescents should perform 60 minutes or more of moderate- to vigorous-intensity exercise daily. Adults should perform 150 to 300 minutes per week of moderate-intensity or 75 to 150 minutes per week of vigorous-intensity aerobic exercise, or an equivalent combination of moderate- and vigorous-intensity aerobic exercise. Also, they should perform muscle-strengthening activities at least 2 days per week. Older adults should add multicomponent activities, which involve more than 1 type of activity (ie, aerobic, muscle strengthening, and balance), such as dancing and sports. We highlight that the previous guidelines for exercise prescription for hypertension^[@bibr15-1179546819839411]^ are in accordance with this new Physical Activity Guidelines for Americans.^[@bibr44-1179546819839411]^

Peripheral Benefits of PE for Hypertension Management {#section4-1179546819839411}
=====================================================

It is well known that hypertension has 2 main treatment pillars: the non-pharmacologic and pharmacologic approaches. Depending on a patient's hypertension classification (eg, stage I, II, or III), it may be possible to start only with lifestyle changes, advancing to drug therapy if or when necessary.^[@bibr45-1179546819839411]^ However, even when medications are necessary, lifestyle intervention should be kept to maximize BP management.^[@bibr19-1179546819839411]^ Different classes of antihypertensive medications can control BP efficiently. In addition, non-pharmacologic alternatives, such as PE, optimize the treatment when the pathology is already established, as well as prevent its development or hypertension-related complications.^[@bibr46-1179546819839411]^ From a clinical perspective, the best strategies for hypertension treatment should combine lifestyle changes and pharmacologic intervention as result of the high burden of adherence to daily medication and the strong commitment required to maintain lifestyle changes.^[@bibr2-1179546819839411]^ Thus, we cannot rule out that the BP-lowering effect commonly observed following an exercise program may be mediated by antihypertensive medication(s). For instance, previous research has compared aerobic exercise (dancing exercise for 12 weeks, 3 days/week, intensity of 50%-70% of heart rate \[HR\] reserve) plus antihypertensive drugs (co-amilozide and amlodipine) with antihypertensive drugs alone for lowering BP. As a result, it was found that, in a population of uncontrolled BP patients, PE for 12 weeks plus medications significantly lowered BP and reduced the use of antihypertensive medication.^[@bibr47-1179546819839411]^ However, it should be noted that the BP-lowering effect of PE in hypertensive individuals can occur when they are under no antihypertensive medication(s). For example, Molmen-Hansen et al^[@bibr48-1179546819839411]^ observed a BP-lowering effect on 24-hour ambulatory BP following 12 weeks of high-intensity interval (HIIT: 12 and 8 mm Hg for SBP and DBP, respectively) and moderate-intensity continuous training (MICT; 4.5 and 3.5 mm Hg for SBP and DBP, respectively) in stage 1 or 2 middle-aged hypertensive individuals under no antihypertensive medications. The medications of these patients were terminated 1 month before inclusion in the study.

The above-mentioned effect might be explained by the exercise ability to promote acute and chronic BP-lowering effects. The acute BP-lowering effect of exercise is a well-documented phenomenon called post-exercise hypotension (PEH).^[@bibr49-1179546819839411]^ PEH is a reduction of post-exercise BP levels compared with pre-exercise values, which may be sustained for several hours in a laboratory setting^[@bibr49-1179546819839411]^ and free-living conditions.^[@bibr50-1179546819839411]^ The chronic BP-lowering effect is characterized by reduced resting^[@bibr16-1179546819839411]^ and/or ambulatory^[@bibr17-1179546819839411]^ BP after a period of regular exercise training. It should be noted that the chronic antihypertensive effect of exercise training is a result of physiological adjustments to repeated exercise training sessions.^[@bibr51-1179546819839411]^ Interestingly, recent studies have reported that the magnitude of PEH (ie, acute BP-lowering effect) is positively correlated with the magnitude reduction in resting BP after an exercise training period (ie, chronic BP-lowering effect).^[@bibr52-1179546819839411],[@bibr53-1179546819839411]^

Regarding the acute BP-lowering effect of exercise, both aerobic exercise and dynamic resistance exercises elicit PEH in individuals with hypertension.^[@bibr54-1179546819839411],[@bibr55-1179546819839411]^ However, it is not known which exercise design (intensity, type, and time) can maximize PEH in individuals with hypertension. It should be noted that the hemodynamic determinants of PEH following aerobic exercise seem to be different between individuals with normal BP and hypertension. Brito et al^[@bibr56-1179546819839411]^ showed that the main hemodynamic determinant of PEH is reduced systemic vascular resistance; however, the PEH in older adults overweight and hypertensive individuals is more associated with a decrease in cardiac output post exercise, especially due to a reduction in stroke volume. It is suggested that increased arterial stiffness, peripheral vascular resistance, and endothelial dysfunction associated with aging and hypertension may weaken post-exercise reduction of systemic vascular resistance, favoring reduced stroke volume and cardiac output in older adults.^[@bibr56-1179546819839411]^ The impact of resistance exercise on hemodynamic determinants of PEH is less known.^[@bibr55-1179546819839411]^

Chronic antihypertensive effects of exercise training on both resting and ambulatory BP have been demonstrated in the last 2 decades by several randomized controlled trials (RCTs).^[@bibr16-1179546819839411],[@bibr17-1179546819839411],[@bibr57-1179546819839411]^ A meta-analysis conducted by Cornelissen and Smart^[@bibr16-1179546819839411]^ showed that aerobic exercise training (moderate to high intensity, \<210 minutes/week) reduces 8.3 and 5.2 mm Hg of resting SBP and DBP, respectively, in individuals with hypertension. Sosner et al^[@bibr17-1179546819839411]^ showed that aerobic exercise training, regardless intensity, frequency, and duration, reduces \~4 and \~3 mm Hg of 24-hour ambulatory SBP and DBP, respectively, and this reduction is greater in individuals with resting BP higher than 130/85 mm Hg. More recently, MacDonald et al^[@bibr57-1179546819839411]^ demonstrated that dynamic resistance training (moderate intensity - 65%-75% of 1 repetition max, \~3 days/week) reduces \~6 and \~5 mm Hg of resting SBP and DBP, respectively, in individuals with hypertension. Altogether, there is robust evidence to support that both aerobic and dynamic resistance exercise training elicit a chronic BP-lowering effect in individuals with hypertension, and that the magnitude of this effect is higher than 5 mm Hg for resting SBP and DBP. From a clinical perspective, a decrease of 5 mm Hg in SBP reduces the mortality due to stroke by 14%, mortality due to coronary heart disease by 9%, and all-cause mortality by 7%,^[@bibr58-1179546819839411]^ and a decrease of 10 mm Hg reduces the risk of stroke by 27%, coronary heart disease by 17%, heart failure by 28%, and all-cause mortality by 13%.^[@bibr55-1179546819839411]^

In addition to the specific effects on BP levels, when aerobic exercise training is accompanied by a substantial reduction in SBP (ie, \>7.6 mm Hg) and/or prolonged duration (ie, \>12 weeks), it decreases arterial stiffness in individuals with pre-hypertension and hypertension.^[@bibr59-1179546819839411]^ It should be noted that, despite there being no differences in the magnitude of the BP-lowering effect between the MICT and HIIT,^[@bibr18-1179546819839411]^ the latter improves the vascular function and cardiorespiratory fitness^[@bibr18-1179546819839411]^ to a greater extent than MICT. Therefore, HIIT can be considered an alternative approach to traditional MICT for individuals with pre-hypertension and hypertension.^[@bibr18-1179546819839411]^ As an important supplement to aerobic exercise, dynamic resistance exercise training elicits BP-lowering effects,^[@bibr57-1179546819839411]^ as well as neuromuscular benefits such as increases in strength, power, and muscle mass^[@bibr60-1179546819839411]^ that support its prescription for individuals with hypertension.

In this sense, [Table 1](#table1-1179546819839411){ref-type="table"} provides the current recommendations from 5 professional organizations.^[@bibr3-1179546819839411],[@bibr19-1179546819839411],[@bibr20-1179546819839411],[@bibr61-1179546819839411]^ The table was based on the work of Pescatello et al^[@bibr15-1179546819839411]^; however, we have added the Brazilian^[@bibr19-1179546819839411]^ and Australian^[@bibr62-1179546819839411]^ Guidelines for Hypertension and updated certain guidelines, such as the Canadian and European. The recommendations are based on the FITT principle.^[@bibr63-1179546819839411]^

###### 

Professional recommendations regarding exercise for individuals with hypertension.

![](10.1177_1179546819839411-table1)

  Professional Associations and Committees                                                                                                                                                                                                                                                                                                                                                                                                                                       
  ------------------------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------- -------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------
  Frequency                                  3-5 days/week                                                                                                                                                 4-7 days/week                                                    5-7 days/week                                                              --                                                                                                                        --
  Intensity                                  Moderate intensity (50%-70% of HR reserve)                                                                                                                    Moderate intensity                                               Moderate intensity                                                         65%-75% of HR reserve                                                                                                     Moderate/vigorous intensity
  Time                                       30-50 minutes/session                                                                                                                                         30-60 minutes/session                                            30 minutes/session                                                         90-150 minutes/week                                                                                                       150-300 minutes (moderate intensity) or 75-150 minutes (vigorous intensity)
  Type                                       Aerobic exercise                                                                                                                                              Aerobic exercise                                                 Aerobic exercise                                                           Aerobic exercise                                                                                                          Aerobic exercise
  Primary evidence rating                    Class IIa---Grade B^[a](#table-fn2-1179546819839411){ref-type="table-fn"}^                                                                                    Grade D^[b](#table-fn3-1179546819839411){ref-type="table-fn"}^   Class I---Grade A^[c](#table-fn4-1179546819839411){ref-type="table-fn"}^   Class I---Grade A^[d](#table-fn5-1179546819839411){ref-type="table-fn"}^                                                  --
  Complementary training                     Resistance Training (2-3 days/week; 8-10 exercise for major muscle groups; 10-15 repetitions for each exercise; passive resting between 90 and 120 seconds)   Resistance training only for patients at stage I                 Resistance training (2-3/week)                                             Resistance training (90-150 minutes/week; 50%-80% of HR reserve; 6 exercises; 3 sets/exercise; 10 repetitions/exercise)   Muscle stretching exercise for at least 2 days/week
  Evidence rating                            Class IIa---Grade B^[a](#table-fn2-1179546819839411){ref-type="table-fn"}^                                                                                    Grade D^[b](#table-fn3-1179546819839411){ref-type="table-fn"}^   --                                                                         --                                                                                                                        --

FITT, Frequency, Intensity, Time, and Type; HR, heart rate.

According to the Brazilian Society of Cardiology, Class IIa refers to "Evidence in favor. Most of studies approve it." and Grade B refers to "Data obtained from less robust meta-analysis or obtained from only 1 randomized-controlled trial study or from non-observational studies."

According to the Canadian Hypertension Education Program, Grade D is based on expert opinion alone.

According to the European Society of Cardiology and the European Society of Hypertension, Class I refers to "Evidence and/or general agreement that a given treatment or procedure is beneficial, useful, effective" and Grade A refers to "Data derived from multiple randomized-controlled trial or meta-analysis."

According to the American College of Cardiology and the American Heart Association, Class I refers to strong evidence and posits that the benefits are way greater than the risks. Grade A, according to both organizations, refers to "High quality evidence from more than 1 randomized-controlled trial; meta-analysis of high quality randomized-controlled trial; one or more randomized-controlled trial corroborated by high-quality registry studies."

Molecular Brain Changes Promoted by PE {#section5-1179546819839411}
======================================

Some possible brain molecular changes can explain the benefits of PE. The human brain has the capacity to promote neurogenesis and prevent age-related cognitive decline. This process can upregulate neuronal cell proliferation on the hippocampus and improve the neuronal plasticity ability.^[@bibr64-1179546819839411]^ It has also been observed that regular chronic exercise practice increases CBF in the dentate gyrus (hippocampal region).^[@bibr65-1179546819839411]^ In addition, evidence suggests that exercise promotes increased levels of different neurotrophins in the human brain such as BDNF. BDNF has its gene and protein expression raised in the hippocampus after exercise, which mediates neuronal survival, plasticity, and synapse reinforcement.^[@bibr66-1179546819839411],[@bibr67-1179546819839411]^ PFC and amygdala are also associated with increased BDNF levels after exercise.^[@bibr68-1179546819839411]^ These areas are involved in executive functions, cognition, and emotional processing.^[@bibr69-1179546819839411],[@bibr70-1179546819839411]^ Moreover, insulin-like growth factor 1 (IGF-1) is another neurotrophin raised by PE^[@bibr71-1179546819839411]^ that is related to improved brain functions and is involved in memory and cerebral plasticity.^[@bibr71-1179546819839411]^ In addition, IGF-1 modulates BDNF activity after exercise through enhancing its expression and signaling via its receptor, which culminates in higher BDNF levels in the brain.^[@bibr72-1179546819839411]^ Interestingly, both IGF-1 and exercise-released catecholamines contribute to upregulating BDNF RNAm production.^[@bibr68-1179546819839411]^ Furthermore, it is already known that PE by itself induces higher peripheral levels of IGF-1 and vascular endothelial growth factor (VEGF), both of which induce angiogenesis and neurogenesis on the brain.^[@bibr73-1179546819839411]^ VEGF has mitotic activity in vascular endothelial cells causing their proliferation and migration, raising the cerebral vasculature, thus enabling more delivered oxygen and nutrients to the brain^[@bibr74-1179546819839411]^ (see [Figure 1](#fig1-1179546819839411){ref-type="fig"}).

Concomitantly, exercise leads to higher CBF. It has been observed that PE training with cognitive training is associated with higher CBF, higher metabolic activity in the hippocampus, and better memory compared with the control group that did not exercise.^[@bibr75-1179546819839411]^ Also, exercise is associated to increased length, complexity, and density of some types of neuron dendrites^[@bibr76-1179546819839411]^ and greater integrity of the BBB.^[@bibr77-1179546819839411]^ Taking these processes together, it is suggested that PE promotes several molecular and structural adaptations that can improve cognitive functioning.

Expanding the Message: the Benefits of PE on the Brain and Cognition and Its Implications for Hypertension Management {#section6-1179546819839411}
=====================================================================================================================

PE has been shown to be a useful tool to improve cognition and mental health.^[@bibr78-1179546819839411]^ Aerobic exercise has been related to increased attention, executive function, and memory.^[@bibr79-1179546819839411]^ When aerobic exercise is combined with resistance training, it seems to promote even more positive effects on attention and working memory.^[@bibr19-1179546819839411],[@bibr80-1179546819839411]^ Notably, not only older adults can benefit from PE. One study using a sample of 241 subjects aged between 15 and 71 years observed that PE can be beneficial for cognitive functions in both younger and older individuals.^[@bibr81-1179546819839411]^ In children, cross-sectional data suggest that those with higher fitness levels have greater bilateral hippocampal volume. The authors demonstrated that the hippocampal volume mediated the relationship between cardiorespiratory fitness and cognitive outcomes.^[@bibr82-1179546819839411]^ The same hippocampal changes can be viewed in older individuals who have enhanced fitness levels.^[@bibr83-1179546819839411]^

Until this point, we have presented evidence herein that exercise can enhance cognitive functions in a healthy sample regardless of age. However, those who already have cognitive impairment can also use PE as a therapeutic tool for reducing cognitive damage already established, as well as delaying the advance of the impairment. Studies have demonstrated that exercise can promote greater speed processing and attention in patients with cognitive mild impairment.^[@bibr84-1179546819839411]^ Patients with more serious dementia such as Alzheimer disease also showed cognitive improvements with exercise, as well as decreased caregiver distress.^[@bibr85-1179546819839411]^ Thus, PE is shown not only to be important in prevention, but also to reverse some already established impairments.

Although the literature has a wide range of studies regarding the peripheral effects of exercise on hypertensive individuals, few works have been published about the central effects of exercise in this population. The amount of studies showing the importance of PE on cognition in hypertensive subjects is small. However, 1 study with 1094 hypertensive middle-aged adults showed that the treatment of BP in midlife may prevent cognitive decline in later life. Moreover, the authors showed that lower cardiovascular fitness and enhanced exercise BP and HR responses are associated with smaller brain volume 19 years later. The researchers argue that regular exercise is necessary to keep the BP at normal levels and to maintain brain health.^[@bibr86-1179546819839411]^ Furthermore, a recent study using an animal model demonstrated that spontaneously hypertensive rats that performed 8 weeks of exercise training had decreased BBB leakage on brainstem areas when compared with rats that were kept sedentary for 8 weeks, suggesting another potential benefit of exercise on the brain of hypertensive individuals.^[@bibr77-1179546819839411]^ Increased BBB leakage is shown to be associated with damage in white matter,^[@bibr87-1179546819839411]^ which in turn may lead to cognitive impairment,^[@bibr88-1179546819839411]^ stressing the importance of BBB integrity. Importantly, brainstem is related to cognition through a network involving the amygdala and the PFC and this link is bidirectional. For instance, the PFC has inhibitory functions over the amygdala, which has an excitatory function over the rostral ventricular lateral medulla and inhibitory function over the nucleus ambiguus.^[@bibr89-1179546819839411]^ Thus, an impaired brainstem not only impacts peripheral functions, but can also impact important cerebral areas for cognitive functions, such as the PFC,^[@bibr87-1179546819839411]^ which in turns may lead to cognitive impairment.^[@bibr88-1179546819839411]^ Hence, BBB integrity is important to those patients. Another research demonstrated that spontaneously hypertensive rats present lower levels of hippocampal BDNF and that daily treadmill exercise (30 minutes for 1 week) was capable of increasing hippocampal BDNF levels.^[@bibr33-1179546819839411]^ Following this line, a study had proposed that BDNF changes linked to PE in hypertensive rats are associated to changes in cerebral hemodynamics. The authors highlight that NO synthase inhibition and genetic hypertension blunt the BDNF increase by exercise.^[@bibr90-1179546819839411]^ In addition, a research conducted in spontaneously hypertensive rats showed that the animals had increased levels of calcium on the brain after 1 hour of wheel running. The authors argued that the elevated levels of this ion, which plays a key role in dopamine production, may inhibit sympathetic activity via the D2 receptors in the brain.^[@bibr91-1179546819839411]^ The production of dopamine begins in the ventral tegmental area, a midbrain that has projections to the striatum and frontal cortex. Importantly, the frontal cortex plays a key role in cognitive functions including learning, executive functions, and emotions.^[@bibr92-1179546819839411],[@bibr93-1179546819839411]^ For instance, a positron emission tomography (PET) study revealed that subjects increase dopamine production on the striatum while performing executive function tests (set shifting and planning).^[@bibr94-1179546819839411]^ Thus, greater levels of this catecholamine can be extremely beneficial to the brain of hypertensive patients. To our knowledge, there are no other studies approaching the relationship between PE, brain, and hypertension. However, in linking the previous studies to the general population and the hypertension physiopathology discussed throughout this study, we could speculate that PE could be positive for managing cognition and preventing brain impairment in hypertensive individuals.

Applicability in Daily Life {#section7-1179546819839411}
===========================

PE has been shown to be an efficient and complementary tool for treating and managing hypertension.^[@bibr15-1179546819839411]^ Although the peripheral benefits of PE have been widely supported in the related literature,^[@bibr15-1179546819839411]^ there are few studies examining the potential positive effects of PE on the brain of hypertensive individuals.

Despite the wide range of positive effects of PE, adherence to exercise programs is low in hypertensive individuals, achieving only 32% of this population in the United States.^[@bibr95-1179546819839411]^ For instance, adherence to hypertension treatments and lifestyle changes has been investigated, including medicine usage, exercise, smoking, and diet. It was found that exercise had the lowest rates of adherence when compared with the other treatments.^[@bibr96-1179546819839411]^ Cohen-Mansfield and Sommerstein^[@bibr97-1179546819839411]^ have also shown that adherence to PE programs is a complex and multifactorial phenomenon that includes several subjective factors, such as self-efficacy perception and social support. The United States Preventive Services Task Force had recently highlighted that patients with risk factors for cardiovascular diseases should be encouraged to attend PE programs to improve health.^[@bibr98-1179546819839411]^ Furthermore, a recent study including 4158 individuals showed that providing advice regarding the benefits of PE to patients with cardiovascular diseases is an effective method to keep them engaged in regular exercise programs.^[@bibr98-1179546819839411]^ Thus, we emphasize that patients with hypertension must receive strong encouragement from (not limited to) medical doctors and other health professionals to increase the likelihood of adherence to exercise programs and guarantee the possible benefits in the brain and cognition described herein. Because it has been shown to be an effective way to increase patient adherence, we believe that PE prescription by a medical doctor should not only focus on the peripheral benefits, but also on the brain and cognitive improvements.

Of course, outreach to patients through medical and health professionals is just one example of how to increase awareness of the benefits that PE may provide to patients with hypertension. Other examples could include public service announcements and joint outreach campaigns funded by aforementioned heart and health committees.

Perspectives {#section8-1179546819839411}
============

Despite some studies having shown that PE can improve cerebrovascular function and structure, RCTs that focus on individuals with hypertension are needed. Specifically, future RCTs should investigate the effects of different types of PE (ie, aerobic and resistance exercise) on cerebrovascular structure and function, and its implications for cognitive performance in this population. It is important to know if moderate-intensity aerobic training, resistance training, or high-intensity exercise, for example, can have different impacts on the cognitive functions of these patients. The use of different methods to assess brain function and structure (eg, functional magnetic resonance imaging \[fMRI\], electroencephalography, and near-infrared spectroscopy) could enable more comprehensive understanding regarding the impact of PE on hypertensive subjects' brains. Finally, it is extremely necessary to find strategies that engage these individuals in a regular exercise program. An effective strategy should start at the physician's office, where the patient will learn about the connection between hypertension and possible brain injuries, and how PE may help mitigate those risks.

Conclusions {#section9-1179546819839411}
===========

Here we present evidence showing that individuals with hypertension are more susceptible to deleterious changes in brain structure and function which may have negative implications for cognitive function, making this population more vulnerable to vascular dementia and Alzheimer disease. Although hypertension clinical practice guidelines provide recommendations on PE for individuals with high BP, its key statements do not include the probable benefits of PE on brain health. To date, limited information from RCTs is available about the effects of PE on cerebrovascular function and structure, as well as cognitive performance in individuals with hypertension. Therefore, RCTs are needed to investigate the effects of different types of PE (eg, aerobic and resistance exercise) on cerebrovascular structure and function and its implications for cognitive performance in individuals with hypertension. However, given the well-known benefits of PE on the brain, on cognitive performance, and its protective role against dementia,^[@bibr7-1179546819839411]^ a rule of thumb for clinical practice is that the positive impact of PE on brain health must be publicized for patients with hypertension.

The aim of this study was to provide evidence that PE not only enhances peripheral parameters on hypertensive individuals, but can also improve brain functions through molecular and structural alterations. Exercise is widely shown to have BP-lowering effect, and it is recommended for prevention and treatment of hypertension. Also, the main point to be highlighted is that exercise is crucial for the brain's health through different pathways. We have discussed the PE effects in increasing hippocampal volume and improving memory task performance, as well as in modulating cerebral hemodynamics and enhancing IGF-1,^[@bibr71-1179546819839411]^ VEGF,^[@bibr73-1179546819839411]^ and BDNF production,^[@bibr90-1179546819839411]^ which are related directly or indirectly to cognitive functions.^[@bibr33-1179546819839411]^ Moreover, we showed that exercise mitigates sympathetic hyperactivation,^[@bibr99-1179546819839411]^ which may have positive implications on the CBF and cognition.^[@bibr89-1179546819839411],[@bibr100-1179546819839411]^

Despite a wide range of benefits, the adherence to exercise is a problem among hypertensive patients. We believe that if patients become aware of how hypertension may impair memory, attention, and inhibitory control on their daily life, they would be more likely to engage in PE programs. In addition, we strongly suggest that medical doctors emphasize the importance of regular exercise for hypertension management to increase patient's adherence to an exercise program. Moreover, due to the increasing aging rates worldwide,^[@bibr101-1179546819839411]^ the message for patients with hypertension should focus on 3 pillars: the heart, the brain, and the cognitive benefits. Hypertensive patients should perform at least 150 minutes per week of moderate-intensity or 75 minutes per week of vigorous-intensity aerobic exercise, and muscle-strengthening activities at least 2 days per week, in the absence of specific contraindications. The simple message "sit less, walk more and exercise" could be implemented in clinical practice as an initial approach to encourage a more active lifestyle for hypertensive patients, especially those highly sedentary and unfit.
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